Abstract: This paper considers channel estimation for mmWave communication with massive received array antennas at BS. Instead of estimate the channel matrix, we resolve the problem into two steps. Firstly, one could separately estimate DOA, on the basis of the array signal processing techniques, and then estimate the corresponding path attenuation according to the pilots from the transmitting terminals. This method is analyzed and compared with conventional LS channel estimation algorithm. The performance of the suggested algorithm precedes LS algorithm without large number of pilots. Finally, numerical simulation results are provided to verify the effectiveness of our channel estimation approach.
Introduction
In consideration of the crowded spectrum, people have put more and more attention to the higher band surrounding 60GHz, which was allocated internationally in former years. The advantage of the short wavelength of mmWave can be fully utilized to expand the scale of antenna arrays [1] . Hence, the base station (BS) will make it possible to integrate dozens of hundreds of antennas in a small area [2] . As a result, the communication capability, including the accuracy of direction of arrival (DOA), the beamforming gain and so on, obtains huge improvement under the condition of massive antenna arrays, which has been studied extensively [3] [4] [5] . At the same time of noticing the advantage of mmWave, people don't neglect the restrictions of hardware circuit resources. Traditionally, every antenna cell connects to a strip of RF chains, which occupies most of the system. Hence, it's inadvisable to magnify blindly the number of antenna at BS.
There is an important shortage of mmWave that the atmosphere and the rain could impose great path loss during outdoor propagation process. It's important for the BS to gain the more detailed channel state information (CSI) the better. At the same time, resulting from the huge number of antenna array, saving resources used on the channel estimation becomes significant. In OFDM system, a small number of training sequences are used to obtain the CSI, which greatly decrease the complexity before transferring messages. In [6] , LS (Least Square) and MMSE (Minimum Mean Square Error) algorithm are employed by additive pilots before useful signals. This method is rather simple, but at the price of reducing the accuracy. Two-dimensional multiple signal classification (2D-MUSIC) algorithm is considered when estimating DOAs. Precise azimuth and elevation angles are obtained from the signals transmitted by terminals to the BS. However, 2D-MUSIC algorithm needs a peak-search procedure, which has too high complexity to apply to the actual.
Because the wireless channel at 60GHz has high attenuation due to oxygen absorption [7] , beamforming techniques are necessary for the new generation wireless communication. Hence, DOAs are necessary not for the channel estimation but the effectiveness of beamforming. At present, not a few researchers have done abundant work on DOA algorithms. The methods of two-dimensional DOA estimation includes the 2D-MUSIC algorithm [8] , 2D-ESPRIT algorithm [9] , the propagator method (PM) algorithm [10] and so on.
Fig.1 Planar array geometry
The received signals, as in [11, 12] , could be expressed as follows
where 12 , ,..., 
where ( , ) A  is the directional matrix of the antenna array, and
represents the path attenuation, and the diagonal elements
is the complex gain of the k-th propagation path. According to Eq.2, we estimate DOA and  instead of channel matrix directly.
Channel Estimation
In this section, we analyze the channel estimation algorithms. In the tradition, LS algorithm and MMSE algorithm are used usually to estimate flat fading MIMO channel with the help of training sequences. Even though the LS algorithm is simple, it perform not very well at the low signal-to-noise-ratio (SNR). And the MMSE algorithm promotes its performance by applying the signal and noise information, which also resulting in the complexity enhancement. This paper estimates DOA firstly and then use the achieved directional matrix to obtain path attenuation values. Finally, the channel matrix is restructured by collecting the estimated parameters above.
Before elaborating the DOA estimation algorithm, the antenna array structure and its characteristic are important for our deeper research. As Fig.1 shows, the received antenna arrays consists of MN  elements, which are uniformly distributed with spacing distance d between two random neighboring elements in a small area. Suppose that a spatial narrowband plane wave with the wavelength of  , and with the angle ( , )
entering the antenna model. The directional vectors on the x-axis and y-axis:
The directional matrix on the x-axis and y-axis can be written as
The antenna array directional matrix can be expressed as 
is a diagonal matrix structured by the n-th row of the matrix in the parentheses.
DOA Estimation
Reduced-Dimension MUSIC (RD-MUSIC) algorithm has much lower complexity than 2D-MUSIC, and is capable of reaching very high precision than other algorithms in DOA estimation. We assume that some basic knowledge about 2D-MUSIC has been mastered and obtain easily the space spectrum function of 2D-MUSIC, expressed as this:
where n E is the noise subspace, and  means Kronecker product. We define u sin sin  and sin cos v  . In the condition of without noise, the signal subspace could be expressed as
where T is a KK  full rank matrix. Decompose We define
where ( 
By building up cost function and dealing with the partial derivatives with respect to a ( ) (P P) P g
So we can get 
Path attenuation
For estimating the attenuation, some pilots are used and known to the BS. We replace the signal source with the pilot, expressed as P . The length of pilots is P l Also, through the DOA estimation above, the BS is able to achieve A. According to Eq.1, we can calculate that 302 
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 . It's necessary to declare that the length of pilots must be longer than the number of users to meet the requirement that P has full row rank. Hence, the channel matrix estimation can be expressed as
The analysis above has proved that the solving process of the channel matrix. The detailed algorithm steps are summarized as follows:
Step 1: Conduct eigenvalues decomposition of the signal's correlation matrix, get 
Because the LS algorithm is based on the pseudo-inverse of the pilot, the complexity is simpler than our method. As a result, the performance of LS is a little lower that will be shown in simulation results.
Simulation Results
Before the simulation, we assume that the transmitter and the receiver are stationary. There are three (K=3) transmitters and each one has just one antenna, and the receiver antenna array have 88  whose spacing distance is half wavelength, that is Fig.2 shows that RD-MUSIC algorithm and MUSIC algorithm are able to estimate more and more accurate angles with the increase of SNR and the former has adjacent performance to MUSIC algorithm which has much higher complexity and expand more computational cost than our algorithm.
When estimating the attenuation by pilots, mean square error (MSE) is used to measure the channel estimation and express it as 
where F means Frobenius norm of a matrix or vector. Fig.3 indicates MSE of these methods with the increase of SNR. At low SNR, because RD-MUSIC algorithm is more accurate in DOA estimation, it outperforms other algorithms including LS algorithm. It's obvious that the channel estimation which includes DOA estimation has lower MSE than traditional LS algorithm. And at low SNR, our proposed algorithm also keeps very low MSE compared with others. We also find that channel estimation including DOA except PM algorithm has similar MSE performance because of the inaccuracy of path attenuation estimation.
The length of pilots has an influence of the MSE performance. Here, Hadamard matrix is used to produce pilot sequences. The lengths of pilots on x-axis are 4, 8, 16, 32 and 64. As Fig.4 shows, the accuracy becomes better as the increase of the length of pilots, which should be bigger than K. However, the MSE curve keep constant gradually. Moreover, the proposed method has lower MSE than LS algorithm and pretty similar performance to MUSIC algorithm. When the number of users is constant, the increasement of the received antennas causes more accurate on DOA estimation and then get lower MSE. As Fig. 5 conveys to us, the quadrate distributions of the antenna array are set to 77  , 88  and 99  . In practice, the huge number of antennas owes to the 60GHz system, which has come true in some aspects and will have more comprehensive in the future.
Summary
The paper presents a novel channel estimation algorithm which contains DOA estimation and path attenuation. Different from traditional channel estimation algorithm, this method make full use of source signals to estimate DOA information and pilots to estimate attenuation coefficients. The advantage mainly lies in that on the one hand it obtains more precise MSE curve, and on the other hand saves transmitting resources for channel estimation. As the simulation results show, the algorithm we propose outperforms traditional LS algorithm and has lower complexity than 2D-MUSIC algorithm in DOA estimation. Moreover, in path attenuation estimation, the length of pilots are critical to be considered when the data size is restricted on the transmitter sides.
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